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[57] ABSTRACT

The present invention relates to a chemically modified
polyolefin exhibiting good adhesion to metals and other
polar substances. The polyolefin has itaconic acid
grafted thereto.
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CHEMICALLY MODIFIED POLYOLEFIN

BACKGROUND OF THE INVENTION

The present invention relates to a chemically modi-
fied polyolefin which has good adhesion to metals and
to other polar substances.

Polyethylene and polyolefins generally have poor
adhesion to metals and to materials containing polar
groups. Somewhat better adhesion has been achieved in
certain instances by copolymerizing unsaturated esters
such as vinyl acetate or alkylacrylate (methylacrylate,
ethylacrylate, butylacrylate, etc.), but even these co-
polymers display insufficient adhesion in most multi-ply
structures.

Many ways to improve adhesion have been tried. For
example, unsaturated acids or acid anhydrides have
been used as comonomers, particularly in the polymer-
1zing of copolymers or terpolymers. Examples of com-
mercial applications include ethylene/acrylic acid co-
polymer containing 9% acrylic acid, and ethylene/me-
thacrylic acid copolymer containing 9% methacrylic
acid. One known commercial terpolymer contains 4%
acrylic acid and 7% butylacrylate. A product in which
the methacrylic acid is partially neutralized to a salt so
that a so-called ionomer has been obtained, is also com-
mercially available. An application in which maleic acid

anhydride has been grafted to LDPE, HDPE, or EVA,
18 an example of the use of maleic acid anhydride for
better adhesion. Another example is the terpolymer of
ethylene, butylacrylate and maleic acid anhydride.

Direct copolymerizing of ethylene with an unsatu-
rated acid is disadvantageous for a number of reasons.
The acids are corrosive and curtail the life span of the
processing apparatus, both in the synthesis step and in
the working step. Moreover, these ethylene/ acid co-
polymers or terpolymers are thermally unstable, and
low work- ing temperatures must therefore be em-
ployed, leading to restrictions on the production rate
and product quality. Large acid quantities are indispens-
able for reaching satisfactory adhesion, because these
copolymerized acids are immobile, and it is thus diffi-
cult for the acids to force themselves out from the poly-
mer matrix to reach the polar groups present in the
other boundary layer.

Large acid quantities are also required in order to
lower the crystallinity, this being indispensable if adhe-
sion is to be achieved. This can also naturally be
achieved by using a third monomer, such as butylacry-
late or vinyl acetate, for example. However, terpoly-
mers are uneconomical regarding recovery of the co-
polymers in the synthesis. As a result, the content of the
comonomer which 1s active regarding adhesion, is lim-
ited. The total content of the comonomer is also limited
in view of foodstuff compatibility, under the laws of
various countries. High vinyl acetate quantities also
introduce corrosion problems. Crystallinity may also be
lowered by admixing a thermoplastic elastomer, such as
polyisobutylene (PIB), for example. It has been endeav-
ored to improve the mobility of maleic acid anhydride
when grafting the same, by, for example, using spacer
groups between the maleic acid anhydride and polymer
(Diels-Alder reaction between diene and maleic acid
anhydride, and grafting thereof to the polymer).
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2
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to achieve improvement over the presently known
modified polyolefins.

These and other objects are attained by the present
invention which is directed to a chemically modified
polyolefin having good adhesion to metals and to other
polar substances, the modified polyolefin having ita-
conic acid grafted thereto.

When a polyolefin is grafted with itaconic acid in
accordance with the present invention, the conditions
are considerably more favorable than in the instances
noted above. Itaconic acid is considerably less corrosive
than, for instance, acrylic acid, methacrylic acid or
maleic acid anhydride. By grafting itaconic acid to
polyolefin, much lower amounts can be used than when
copolymerizing unsaturated acids. When itaconic acid
is grafted to polyolefin, adhesion is obtained which is
better the lower the degree of crystallization, because a
lower degree of crystallization produces lower stresses
in the boundary surface. The polyolefins with low de-
gree of crystallization which are appropriate for use to
this end, include, for example, EBA (ethylene/butyla-
crylate)y, EEA  (ethylene/ethylacrylate)) EMA
(ethylene/methylacrylate), and EVA (ethylene/ vinyl
acetate). VLDPE (very low density polyethylene),
which is manufactured by a coordination polymerizing
procedure from ethylene and a higher olefin, is also
suitable for this use.

When polyolefins having a low degree of crystalliza-
tion are grafted with itaconic acid, it is possible to
achieve good adhesion with acid amounts which are
less than 1%, such as about 0.1-1% of the weight of the
polyolefin (all percents as used herein are by weight
unless otherwise noted). An acid content as low as this,
is extremely favorable, considering raw material Costs,
life span of processing apparatus (minimal COTrrosion)
and manufacturing technique (the grafting polymer
concentrate may be diluted). Moreover, itaconic acid is
less corrosive than, e.g., acrylic acid, methacrylic acid,
or maleic acid anhydride, which even at low concentra-
tions give rise to corrosion and, for this reason, to dis-
coloring of the product.

[taconic acid is also superior with respect to labor
hygiene and foodstuff compatibility, and is easier to
handle in production because it comes in solid form and
has a high boiling point.

Itaconic acid becomes grafted far more efficiently
than, e.g., acrylic acid, methacrylic acid, or maleic acid
anhydride, which tend to boil off in connection with
compounding and, furthermore, become incompletely
grafted. A far lower acid content can be used when
conducting grafting with itaconic acid, than in the co-
polymerizing process. For this reason, better thermal
stability is obtained and lower comonomer amounts
may be used and thus meet foodstuff compatibility re-
quirements in various applications, in this manner.

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

When polyolefins are grafted with itaconic acid in
accordance with the present invention, the starting
materials are the above-noted polyolefin, 0.1-20% ita-
conic acid, and 0.01-0.5% radical former. These ingre-
dients are mixed at a temperature at which the mixture
1S in molten state and the radical former is decomposed
and forms those radicals which cause the grafting. Mix-
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ing may be in a batch process or continuously, while the
components may be added all at one time or separately,
or in pairs. It is most advantageous if the mixture is first

melt homogenized at a lower temperature, with the

4

equilibrium had been established, and was expressed in

units of N/cm.
Table I reveals how the content of butylacrylate

(BA) influences the adhesion:

temperature then being raised to a level at which the 5 TABLE I

radical former forms radicals. Grafting may also be — Adhesion (Nvem

accomplished in a manner other than as just described. o yBA A 1% AA o VAN
When a polyolefin is grafted with itaconic acid, any - - . -

polyolefin may be used as the base polymer. However, g g*i - g-i 2'2

it is to the greatest advantage to use an ethylene copoly- 10 0 1.6 2.8 57

mer having the lowest possible degree of crystallization. 13 27.5 23.0 19.8

For example, LDPE, HDPE, MDPE, LLDPE, PP, or 17 53.0 37.3 40.2

PB may be used, though preferably EVA, EBA, EEA,

EMA, or VLDPE or other ethylene copolymers or 15 Itisseen from these results that a substantial improve-

polyolefin mixtures are used. By adding, for example, a
thermoplastic elastomer, it is possible to achieve effi-
cient lowering of the degree of crystallization. Organic
peroxides, peresters, percarbonates, or radical formers
of another type may be used as the radical former. The
following radical formers are generally used: dicumyl
peroxide, cumyl tert. butylperoxide, or di-tert. butyl-
peroxide. Moreover, the formulation may contain chain
shift agents, antioxidants or other typical additives with
polyolefins.

Polyolefin grafted with itaconic acid in the manner
described above, may be used as so-called adhesion
polymers in the manufacturing of multi-ply products
which contain one or several polyolefin courses or
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ment in adhesion to PA-6 takes place when the butyla-
crylate content of the acid-grafted polymer is increased.
It may further be noted that itaconic acid is better than
acrylic acid and maleic acid anhydride when the butyla-
crylate content is high. It may be noted for comparison
that the adhesion of non-grafted 17% EBA 15 0.5 N/cm,
while an adhesion of 0.2 N/cm is obtained when non-
grafted polyethylene is used.

EXAMPLE 2

The testing was performed in this case as in Example
1, with the exception that only EBA (MI =4, BA
=17%) was used as the base polymer while the acid
content was varied. Table II reveals the influence of

“layers and one or several courses or layers of polar acid content (IA, AA, MAN) on adhesion:

30

“plastic (such as polyamide, polyester, ethylene vinyl TABLE II

“alcohol (EVOH), etc.) or of metal (such as aluminum, _ _

~steel, copper, etc.). The products may possibly have one Acid content Adhesion (N/cm)

. | % IA AA MAN
or several courses or layers of unmodified polyolefin.
Such multi-ply products may be produced by coextru- ;s g-g ig'g 42*2 gg-g
sion, by (co)extrusion coating, or by (co)extrusion lami- 0.7 45.0 36.0 40.0
_nation, the object being films, sheets, tubes, cables, bot- 1.0 53.0 37.3 40.2

1.5 54.0 44.1 41.6

. itles, etc. It is also possible to use such adhesion plastic as
.an adhesion layer in powder coating steel tubes, for
example. In so-called plastic alloys, which are com-
posed of immiscible (e.g. polar and non-polar) plastics,
these adhesion plastics may likewise be used as so-called
emulsifier polymers in order to achieve adhesion be-
tween the two phases and, thereby, better technological
properties. The adhesion to other polar material, (e.g.
glass, minerals, wood) may also be improved in this
manner.
The invention will now be described in greater detail
with respect to the following non-restrictive examples:

EXAMPLE 1
In a Brabender extruder (d=19 mm, L. =20 D, and
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It is seen from these results that if the butylacrylate
content is as high as 17%, then very low acid concentra-

tions (< 1%) can be effective. In this case too, itaconic

acid is superior to acrylic acid and maleic acid anhy-
dride.

EXAMPLE 3

Testing was done in this case as in Example 1, with
the exception that instead of EBA, EVA (MI=2,
V A =20%) was used for the ethylene component of the
mixtures, while itaconic acid and acrylic acid were used
for the unsaturated acids:

compression ratio 3:1), mixtures of LDPE (MI=4, p TABLE 111 ‘
0.922) and EBA (MI =4, BA 17%) were extruded in — ___Adheston (N/cm) — —
different proportions, together with 0.05% ditertiary 55 Polymer VA VA A
butylperoxide and 1% unsaturated acid (itaconic acid, 7 comonomer 1% A 7% A4 1% 1A
IA; acrylic acid, AA; maleic acid anhydride, MAN). 0 )-8 5.8 5.8
. : o o 3 9.2 8.6 6.4
The temperature in the extrusion press was 105° C.,, 200 10 {79 178 8.6
C., and 250° C., while the temperature in the nozzle was 13 32.2 25.3 27.5
250° C., the nozzle was of the coextrusion type, with 60 g} i%.ti?l gig 53.0

PA-6 (BASF Ultramid B4) being extruded at 250° C. for
the other course or layer. The speed of rotation of the
screw was 41 min—1 ‘_

In this manner, two-ply strips (acid-grafted polymer
and PA-6) were extruded, and which were tested for
adhesion after 24 hours. This test was conducted with
the Instron pulling tester (Peel Test), with the pulling
rate being 50 mm/min. The force was measured after
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It 1s seen from these results that adhesion to PA-6 is
also substantially improved when the vinyl acetate con-
tent is increased, this being due to lowering of the de-
gree of crystallization of the polymer. In this case too,
better adhesion is obtained with itaconic acid than with
acrylic acid when the vinyl acetate content is high. It
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may be noted by way of comparison that the adhesion
of non-grafted 20% EVA is 0.5 N/cm.

EXAMPLE 4

Testing was carried out in this case as in Examples
1-3, with the exception that comparisons regarding
adhesiveness to various materials (Polyamide 6, BASF
Ultramid B4; ethylene/vinylalchohol (EVOH), EVAL.-
F; aluminum; steel) were conducted. A nozzle was con-
structed for metal coating, through which the metal
strip (20 mm X 1.0 mm) could be pushed. EBA (M =4,
BA =17%) was grafted with 1% itaconic acid and 1%
acrylic acid, while EVA (MI =2, VA =20%) was
grafted with 1% itaconic acid. It can be seen in Table

IV how the graft polymers and their base polymers
adhere to different metals:

TABLE 1V

10

15

-0

Adhesion (N/cm)

Polymer PA-6 EVOH Al Fe
IA-grafted EBA 53.0 14.9 18.4 11.5
EBA 0.5 3.0 10.5 . 9.8
[A-grafted EVA 41.7 6.0 35.1 37.3
.EVA 0.5 1.0 14.7 6.6
AA-grafted EBA 37.3 6.4 50.3 82.6

It 1s seen from these resulis that both 17% EBA and
20% EVA exhibit some adhesion to aluminum and
steel. However, remarkable improvement is achieved
by grafting with itaconic acid. This improvement is
greater in the case of EVA. When 17% EBA is grafted
with acrylic acid, however, better adhesion than with
itaconic acid is obtained.

The adhesion to ethylene/vinylalcohol (EVOH) also
improves both with itaconic acid and with acrylic acid.

In this case, as also in the case of PA-6, the combination
of itaconic acid and EBA is most favorable.
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EXAMPLE 5

Testing was carried out in this case as in Example 4,
with the exception that comparisons were made with
commercial adhesion polymers.

Tables V reveals how itaconic acid-grafted EBA and
EVA adhere to different materials, as compared with

commercial adhesion polymers: |

TABLE V
——

Adheston (N/cm)

Polymer PA EVOH = Al E;:
e

IA-grafted EBA 53.0 14.9 18.4 11.5
IA-grafted EVA 41.7 6.0 35.1 35.3
Primacor 1420 33.0 2.6 10.3 8.3
9% AA

Nucrel 0903 23.3 1.3 7.0 3.4
9% MAA -
Surlyn 1650 71.3 0 5.5 8.1
1290 MAA <+ Zn

CXA 3095 1.0 3.4 7.1 9.5
Lupolen A2910M 36.6 3.4 6.4 7.5

4% AA + 7% BA

It can be seen from these results that 17% EBA  and
20% EVA to which 1% itacnic acid has been grafted,
exhibit better adhesion to metals, such as aluminum and
steel, and to EVOH, than commercial adhesion poly-
mers. The adhesion to Polyamide-6 is also competitive.

The preceding description of the present invention is
merely exemplary, and is not intended to limit the scope
thereof in any way.

What 1s claimed is:

1. A chemically modified polyolefin having good

~adhesion to metals and other polar substances, said
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modified polyolefin having itaconic acid grafted
thereto,
wherein the polyolefin is ethylene butylacrylate
(EBA)
2. The polyoefin of claim 1, wherein the amount of
itaconic acid grafted thereto is about 0.1-1% of the
weight of the polyolefin.
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